Background: Current lifestyles and the choice and availability of foods may influence the eating patterns of children. The aim of this study was to investigate the meal and snacking patterns of school-aged children in Scotland. Methods: A sub-sample of 156 children (5-17 years) from the national Survey of Sugar Intake among Children in Scotland completed a 4-day non-weighed diet diary. Meals and snacks were defined using a food-based classification system based on 'core' and 'non-core' foods. The first eating event containing a solid food item up to and including 0900 hours (1100 hours on weekend days) was defined as breakfast. Frequency of meal and snack consumption was compared between age, sex, body mass index (BMI) and socio-economic sub-groups, between term-time and school holidays and between weekdays and weekend days. Intakes of total fat, saturated fatty acids (SFA) and non-milk extrinsic sugars (NMES) on these days were also compared. Results: Children ate a median of 3.3 meals plus 2.0 snacks per day, which did not vary between age and BMI groups. In all, 83% of children ate breakfast on all 4 days. Boys ate more meals than girls but the number of snacks was similar. Children from lower socio-economic groups tended to eat more meals and fewer snacks. Snacks accounted for 21% of the total daily energy intake, 22% of total fat, 24% of SFA and 39% of NMES intake. Daily intake of energy, total fat, SFA and NMES did not differ between term-time and holidays or weekdays and weekend days. Conclusions: Children tended to follow a traditional pattern of three meals a day, which was consistent between age and BMI subgroups and between school term-time and holidays.
Introduction
With 35% of boys and 30% of girls in Scotland being overweight or obese (Bromley et al., 2005) and children having excessive intakes of non-milk extrinsic sugar (NMES) and saturated fatty acids (SFA) (Sheehy et al., 2008) questions are raised about meal and snacking patterns of children, particularly as snacks account for approximately a quarter of their daily energy intake (Summerbell et al., 1995; Ruxton et al., 1996; Roblin, 2007) . A recent dietary survey showed that the intake from NMES (17.4% of food energy) and from SFA (13.8% of food energy) among children in Scotland (Sheehy et al., 2008) exceeded the recommendations for both these nutrients (p11% food energy from NMES and 11% food energy from SFA) (Department of Health, 1991) . Although snacking adds to the total number of eating events and to the total daily intake, there is limited evidence to support a link between snacking and obesity (NICE, 2006) . Increased numbers of eating events in a day is associated with higher rates of dental caries, particularly when snacks are high in NMES (SIGN, 2000) . Changing lifestyles may be influencing eating patterns; a recent report stated that the average time spent preparing food has reduced from 60 min a day in 1980 to 18 min a day in 2007 (The Scottish Government, 2008) .
The absence of a single definition for meals and snacks makes monitoring trends difficult and has been the subject of previous publications (Drummond et al., 1996; Gatenby, 1997) . Definitions are based on time of day (Ziegler et al., 2002; Kerr et al., 2008) , energy density of foods (JimenezCruz et al., 2002; Phillips et al., 2004) , the energy content of the eating event (Nicklas et al., 2004) , participants' selfreports (Skinner et al., 2004; Kerver et al., 2006) , food-based classifications (Lennernäs and Andersson, 1999; Bell et al., 2005) as well as more complex ones which incorporate social or situation cues (Adams et al., 2005) . Each one of these classification systems has advantages and disadvantages, for example, a time of day definition based on conventional meal times becomes complex on weekend days or during holiday periods. Relying on participants' reporting is dependent on individuals' perceptions of a meal or snack which varies since the terms 'a snack', 'snack foods' and 'snacking' are very ambiguous (Chamontin et al., 2003) . Food-based classification systems using the type of food and the combination of foods eaten together can be less subjective than some other methods but are reliant on predetermined criteria which may influence the outcomes.
Despite these methodological limitations it is important to monitor the current meal and snacking patterns of children to ensure healthy eating messages are relevant to children's lifestyle and eating patterns. The aim of this study was to describe the meal and snacking patterns of school-aged children in Scotland and assess the nutrient intakes during term-time and school holidays.
Materials and methods
The Survey of Sugar Intake among Children in Scotland recruited a named sample of children who on 1 May 2006 were aged between 3 and 16 years. They were identified through the Department of Work and Pensions Child Benefit Register from 80 postcode sectors across Scotland (Sheehy et al., 2008) . A total of 1700 children participated in the study, a response rate of 67%, and data were collected between May and September 2006. Full details of the sampling and nutrient analysis can be found in the main survey report (Sheehy et al., 2008) . A stratified sub-sample of 311 children from the main study was invited to complete a 4-day non-weighed diet diary. Participants recorded everything they ate and drank over 4 days (3 weekdays and 1 weekend day) using household measures and colour photographs to estimate portion size (portion size photographs varied with the age of the child). The diary for children aged 5-11 years was completed by the parent/guardian with help from their child, whereas the diary for children aged 12-17 years was completed by the child with help from their parent/guardian. The nutrient composition of the diets was calculated using the National Diet and Nutrition Survey nutrient databank.
Food-based classification for meals and snacks A food-based classification system was used to define meals and snacks in this study. This was selected as the most appropriate method, as participants had not classified their own eating events as meals or snacks, and it was difficult to define conventional meal times for such a wide age range of children using a time-of-day classification. The definition of meals and snacks were based on the concept of 'core' and 'non-core' food groups as used by Bell et al. (2005) . Unlike their definition, which was based on a healthy eating model, in this study 'core' foods were defined as those normally eaten as part of a traditional meal and 'non-core' food and drinks as those easily consumed outwith a meal (Table 1) . The 'core' and 'non-core' food groups were agreed by a consensus of four experienced nutritionists (JM, LC, LM and GMcN). A meal was defined as an eating event containing one or more 'core' foods with or without 'non-core' foods or drinks. A snack was defined as an eating event containing only 'non-core' foods or drinks, but it could contain more than one 'non-core' food or drink item. 'Non-core' foods or drinks could be part of either a meal or a snack, for example a packet of crisps eaten just with a soft drink would be a snack, but crisps eaten with a sandwich would be a meal. The classification of foods into 'core' and 'non-core' items was relatively clear with the exception of a small number of food groups, such as 'bread' and 'soups and sauces'. These were considered in terms of the other food items they were likely to be eaten in conjunction with. Bread is a major element in traditional meals such as breakfast (toast and jam) or lunch (sandwiches), when it would typically be eaten with 'noncore' foods such as jam or cheese, therefore bread was defined as a 'core' food. 'Soups and sauces' were coded as a 'non-core' food item. It could be debated whether soup should be a meal or a snack but soup was typically eaten with 'core' foods (for example, bread), which made the eating event a meal, and accounted for o1% of foods consumed. Eating events were separated by a minimum of 30 min during which no food or drinks were consumed. As there is no standardized time interval between eating events after reviewing the diet diaries it was agreed that 30 min was an appropriate time interval for the eating patterns of these children.
Breakfast. Breakfast was defined as the first eating event of the day that included a solid food item up to and including 0900 hours on school days or 1100 hours on weekend days or during school holidays. A drink alone would not constitute breakfast by this definition.
Data analysis
Sub-group analysis included age (5-11 years and 12-17 years), sex, body mass index (BMI) and socio-economic deprivation groups. Height and weight were measured by trained fieldworkers and were used to calculate BMI. Children with a BMI greater than or equal to the eighty-fifth percentile of the 1990 United Kingdom reference data were classified as overweight and BMI greater than or equal to the ninety-fifth percentile as obese (Cole et al., 1995) . For analysis overweight and obese children were grouped together. The Scottish Index of Multiple Deprivation (SIMD) (2006) based on areas of multiple deprivation across Scotland by postcode (grouped as quintiles) was used as a measure of socio-economic deprivation. For analysis the quintiles were combined into two groups because of the small number of participants in each group, lower deprivation (quintiles 1 and 2) and higher deprivation (quintiles 3-5).
The mean number of meals and snacks per day across the 4 days was calculated for each child. Mann-Whitney test was used to compare the frequency of meals and snacks eaten by age, sex, BMI, and SIMD group and between weekday term-time and school holidays. Within subject comparisons using Wilcoxon's signed-rank test compared weekdays and weekend days during term-time.
The nutrient analysis focused on the intake of total fat, SFA and NMES because they have been associated with snacking and health issues, such as dental caries and obesity. Differences in energy intake and the percentage of food energy from total fat, SFA and NMES were assessed by t-test. General linear models (adjusting for age, sex and SIMD) were used to compare differences between term-time and school holidays and paired t-tests to compare weekdays and weekend days. Associations between eating breakfast on all 4 days and age, sex, BMI and SIMD group were tested using Pearson's w 2 statistics.
Statistical analysis was conducted using SPSS version 15.0 (SPSS Inc., Chicago, IL, USA) with statistical significance sought at Po0.05.
Results
From the 1700 children interviewed in the main study 311 children (aged 3-17 years) were invited to keep a diet diary, of which 195 diaries were returned and 175 were suitable for analysis. Excluding children aged 3-4 years gave 156 diet diaries to be used in the analysis from children aged 5-17 years. Further exclusion criteria for the sub-group analyses are illustrated in Figure 1 . Response rates did not differ by age group (P ¼ 0.60), sex (P ¼ 0.47) or BMI group (P ¼ 0.41), but response was lower amongst lower socio-economic groups (Po0.005).
Meal and snacking patterns
The median number of eating events was 5.3 per day, consisting of 3.3 meals and 2.0 snacks (Table 2) , with an inverse relationship between the number of meals and the number of snacks eaten each day (Spearman's r ¼ À0.34, Po0.001). Seventy-eight percent of children had an average of between 2.5 and 3.5 meals per day and 98% of children ate one or more snacks. Boys ate significantly more meals than girls but a similar number of snacks, and children in the Meal and snacking patterns of children J Macdiarmid et al high-deprivation group ate more meals and fewer snacks than those in the lower-deprivation group. The number of meals and snacks eaten did not differ by age or BMI group. The median (inter-quartile range) number of items eaten within a snacking event was 2 (1-2) and in a meal was 4 (3-5) items (2 (1-2) 'core' and 2 (1-3) 'non-core' items).
Foods eaten as snacks
Seventy-seven percent of children ate 'biscuits, cakes and pastries'; 72% ate 'crisps and savoury snacks'; 70% ate confectionery; and 69% ate fruit as part of a snack. None of the 'non-core' foods were exclusively eaten as snacks (Table 3) . 'Biscuits, cakes and pastries', 'crisps and savoury snacks', and confectionery were eaten more frequently as part of a snack than a meal. Fruit and ice cream were equally likely to be eaten as part of a meal or a snack and drinks Meal and snacking patterns of children J Macdiarmid et al including soft drinks (diet and non-diet), fruit juice and milk were more often consumed as part of a meal than a snack.
Total fat, SFA and NMES composition of snacking events The average daily intake of SFA and NMES (% food energy) was higher from snacks than meals, but there was no difference in total fat (Figure 2 ). Snacks accounted for approximately a fifth of the total daily energy intake and total fat intake, a quarter of SFA intake and almost 40% of NMES intake. The only difference by sex, age, BMI and SIMD group was that girls derived a higher proportion of their daily intake of total fat from snacks than boys (Table 4) . To investigate whether the number of snacks eaten was related to nutrient intake, children were grouped as infrequent (average of less than two snacks per day) or frequent snackers (average of more than two snacks per day) (Table 5) . Frequent snackers had a higher daily intake of NMES (% food energy) but there was no statistical difference in percentage food energy from SFA or total fat, or total daily energy intake. Frequent snackers had more total eating events per day and fewer meals than infrequent snackers. The proportion eating breakfast did not differ between snacker group.
The number of meals, snacks and total eating events per day and daily energy and nutrient intake (total fat, SFA and NMES) on weekdays did not differ between term-time and school holidays ( Table 6 ).
The significant difference in the number of meals eaten on weekdays compared with weekend days was due to the wider variation in frequency of meals on weekdays rather than a difference in the median frequency. The number of snacks eaten on weekdays and weekend days did not differ significantly. Despite the differences in meal frequency the average daily energy, total fat, SFA and NMES intake (% food energy) did not differ significantly between weekdays and weekend days. Breakfast Eighty-three percent of children ate breakfast on all 4 days. Of the 17% of children who did not eat breakfast every day 10% skipped breakfast on only 1 of the 4 days, 4% skipped breakfast on 2 days, 1% skipped it on 3 days and 2% (3 children) did not eat breakfast on any of the 4 days. Older children were less likely to eat breakfast each day than children in the younger age group (74 vs. 91%, P ¼ 0.004), but there was no difference between sex (P ¼ 0.83) or BMI (P ¼ 0.40) groups. Breakfast consumption did not differ significantly between SIMD groups; 79% (more deprived group) vs. 88% (less deprived group) ate breakfast on all 4 days (P ¼ 0.13). Regular breakfast consumption did not differ significantly on weekdays during term-time (86%) and on weekdays during the school holidays (77%) (P ¼ 0.19). Breakfast cereal, milk and bread were the foods most commonly eaten for breakfast; 61% of breakfast consumers ate non-wholegrain cereals, 54% ate wholegrain cereals, 93% consumed milk, 50% ate bread and 20% ate fruit for breakfast on at least 1 of the 4 days. Diet soft drinks, nondiet soft drinks and fruit juice were consumed as part of a breakfast by 20, 14 and 32% of children respectively. Only 2.6% of children ate confectionery and 0.7% ate crisps and savoury snacks as part of their breakfast. The foods and drinks consumed for breakfast did not differ by age or sex sub-groups, except 'milk and cream' and 'biscuits, cakes and pastries' (including Danish pastries and croissants), which were more likely to be consumed by younger children than older children (milk and cream: 97 vs. 86%, P ¼ 0.018; biscuits, cakes and pastries: 21 vs. 6%, P ¼ 0.013).
Discussion
Changes in lifestyles, the choice and availability of foods (TNS, 2007) and a greater emphasis on snacking are suggested as reasons for making it difficult for children to achieve a healthy balanced diet (FSA, 2004) . The current study showed that the majority of children eat three meals per day and most of them eat breakfast regularly, but this does not mean that their nutrient intake complies with dietary recommendations. In the main survey the average intake of NMES was 17% of food energy and SFA was 14%, both of which exceed recommended population targets of p11% of food energy from NMES and p11% of food energy from SFA (Department of Health, 1991).
On average children were eating three meals plus two snacks per day and this did not vary with age or BMI group or between term-time and the school holidays. This pattern is possibly reinforced on school days with a break midmorning and a gap between returning from school and an evening mealtime, but there was no evidence of a tendency to graze on non-school days. The results from this study compares with previous work showing that in 1989 children in Scotland ate 2.7 meals and 2.8 snacks per day based on self-reporting of eating events (Anderson et al., 1993) and in 2005 that children in Northern Ireland were eating 3.0 meals and 2.3 snacks based on a time-of-day definition (Kerr et al., 2008) . Considering the methodological differences in defining meals children's eating patterns appear to be relatively consistent. In the current study we re-analyzed the data using a time-of-day classification (that is, if food or drink was consumed during pre-specified times during the day it would be classed as a meal) and found that the median number of meals and snacks was 2.8 and 2.5, respectively. A slightly lower number of meals would be expected using this method as the maximum number of meals is restricted to three per day. Changes over time in the number of snacks eaten by children seem less consistent than for meals. Adams et al. (2005) reported a decrease from 3.4 to 2.9 snacks per day similar to results of Nicklas et al. (2004) . Jahns et al. (2001) reported an increase in snacking among children, which is consistent with trends among adults (Zizza et al., 2001) . The reason for these conflicting trends is unclear, but it is possible that the definitions used for snacking could vary more than for meals.
Snacks accounted for approximately a fifth of the daily energy intake, which did not vary with age, sex, BMI or SIMD group. This is consistent with previous studies of children (Summerbell et al., 1995; Ruxton et al., 1996; Sjoberg et al., 2003; Roblin, 2007) and fits with guidance set by the Food Standards Agency (2006) which includes a provision of 20% of daily energy intake from snacks. Snacks were less nutritionally balanced than meals, contributing a higher percentage of energy from SFA and NMES. It could be argued that this observation was the direct result of the food groups classed as 'non-core' food items, but these nutrient patterns persisted when the data were re-analyzed using a time-of-day definition, which is independent of food types, suggesting that the findings were robust. Frequent snackers had higher daily intakes of NMES, which combined with a greater number of total eating events per day, has implications for increased risk of dental caries (SIGN, 2000) . Although meals had lower proportions of these nutrients, they still failed to meet the recommended dietary targets. Snacks often have a negative image associated with high fat or sugar foods and drinks. Eighty percent of children ate biscuits, confectionery and crisps as snacks, but these foods were not always eaten exclusively as snacks and often formed part of a meal. It is interesting to note that diet and non-diet soft drinks and fruit juice were more frequently consumed as part of a meal than a snack. Adams et al. (2005) recently suggested that there are no 'snack foods', as they could not identify any foods or drinks eaten exclusively as part of a snack and not as part of a meal. This observation is supported by our work, which is an important distinction to make in health messages to prevent the assumption that all snacking habits are bad. Indeed, more frequent snacking has been associated with a higher intake of fruit in adolescents (Sebastian et al., 2008) .
Over 80% of children ate breakfast on all 4 days and the majority of those who did not eat breakfast every day only skipped it on 1 of the 4 days. This is consistent with other studies in Europe reporting that less than 10% of children skip breakfast (Shemilt et al., 2004; Nelson et al., 2007; Tapper et al., 2008; Croezen et al., 2009 ). Contrary to previous research reporting social inequalities with breakfast consumption among children (Moore et al., 2007) , we found no association between deprivation and frequency of breakfast consumption. The majority of children ate breakfast cereals, milk or bread and a fifth of them ate fruit for breakfast, which could support previous studies showing breakfast eaters have diets higher in micronutrients and lower in fat intake (Ruxton et al., 1996) . Very few children ate foods considered nutritionally inappropriate for breakfast, such as crisps or confectionery.
The inconsistent definition of meals and snacks has stimulated much debate about which is the best method (Gatenby, 1997) . Each classification system has its own strengths and limitations, but potentially could influence the outcome and interpretation of the results. An advantage of the food-based classification system is that it tends to be less subjective about what might be perceived as appropriate foods to be eaten as meals or snacks. The main limitation, however, is the decision of which foods should be grouped together to constituent a meal or a snack. In this study we grouped food and drinks into 'core' and 'non-core' items based on what combination of foods would generally be perceived as part of a traditional meal. The concept of a traditional meal, however, varies between cultures and ethnic groups, which could limit the generalizability of this classification. Even within a single culture there will be ambiguity for the classification of some food items, for example in this study 'bread' and 'soups and sauces' were one of these food groups. The decision to classify these foods as 'core' and 'non-core' foods, respectively, was primarily based on the foods they were likely to be eaten with, confirmed by reviewing the diet diaries. One argument could be that bread eaten with only a spread or jam (except at breakfast) should be a snack rather than a meal, but since this only occurred on a minority of occasions (14% of occasions when bread was consumed) it was unlikely to alter the findings of the study. Unlike other classification systems that define high-energy dense foods as snacks, this classification system allows 'non-core' food and drink items to be either a snack or part of a meal. Equally, healthier foods, such as fruit, were just as likely to be eaten as a snack as eaten within a meal in this study.
It is unlikely that a single classification system for meals and snacks can be used, as they depend on the type of dietary information collected and needs to be appropriate for different age groups, cultures and ethic groups. Future work would benefit from refining the range of methods for defining meals and snacks and agreement of a limited number of methods to allow comparison between studies.
An unavoidable issue for all dietary studies is that of reporting bias and this should be considered when interpreting the results (Macdiarmid and Blundell, 1998) . The prevalence of 'under-reporters' in this study, based on energy intake to basal metabolic rate ratio, was similar to that found in the National Diet and Nutrition Survey of young people (Gregory and Lowe, 2000) . Studies assessing nutrient intake and eating patterns have found that adjusting for underreporting does not alter the overall results of the study (Gregory and Lowe, 2000; Adams et al., 2005) . Another possible source of bias common to all dietary surveys is that participants with healthier diets may be more likely to respond. The response rate did not differ by BMI group and the prevalence of overweight and obesity among children participating in this study was similar to that of the Scottish Health Survey (Bromley et al., 2005) .
In summary, this study does not support the anecdotal suggestion that children typically miss breakfast or have irregular meal patterns but that this should not be interpreted that children are eating a healthy diet or meeting dietary recommendations. Future dietary health promotion should focus on the consumption of food and drinks rather than just meal patterns as many 'snack foods' high in NMES and SFA are frequently consumed as part of main meals.
